In the Drawings: 

The drawings have been amended as indicated in red on the enclosed photocopies. 
hi the Abstract: 




Please delete the Abstract of the Disclosure and replace with the Abstract provided on 
the separate sheet included herewith. 



b 



yi Jn the Specification: 



CLEAN VERSION OF AMENDMENTS 



Insert on page 1, line 2, the following paragraph: 



^ This application is a continuation of U.S. Application No. 09/511,413, filed February 23, 

S 2000, which is a continuation of U.S. Application No. 09/248,175, now Patent No. 6,046,727, 

^ filed February 9, 1999, which is a continuation of U.S. Application No. 08/784,198, now Patent 

iU 

No. 5,880,714, filed January 15, 1997, which is a continuation of U.S. Application No. 



08/583,032, now Patent No. 5,701,140, filed on February 16, 1996, which cl aims priority under 
35 U.S.C. §120 to U.S. Application No. 08/092,974, filed July 16, 1993, now abandoned; w^here 
application jip. ., 08/583,032 is the national stage of International Application No. 
PCT/US94/0785 1 , filed 1 2 July 1 994. 



Replace the paragraph starting on pase L line 3. with: 



The present invention relates to a computer-human interface device, and more particularly 
it relates to a stylus coupled to a supportable mechanical linkage for providing and receiving 
commands to and fi-om a computer. 



Insert on page 3, line 3, the following paragraph: 



An embodiment of the present invention includes computer software and hardware which 
will provide force feedback information from the computer to the stylus. The computer sends 
feedback signals to the mechanical linkage which has force generators for generating force in 



2 



O 



response to images depicted on the computer screen. Incoming commands from the host 
computer are monitored by the microprocessor and instruct the microprocessor to report forces 
felt by a joint or set forces on a joint of the mechanical linkage. 



Replace the paragraph starting on page 4, line 5, with: 



Figure 3 is a flow chart describing the main software command loop for two different 
electronic hardware configurations shown in FIG. 2; 



Insert on pageS/, line 12 after ^'apparatus the following paragraph: 



AO 



Also contemplated in the present invention is computer software and hardware which will 
provide feedback information from the computer to the stylus and cause forces on the stylus. 
This implementation is described in greater detail subsequently. ___ 



N Replace the paragraph starting on page 5, line 21, with: 


® Because the stylus is supported by a support apparatus which is in turn supported by a 

P 

py fixed surface or other stabilizing configuration, the user can manipulate the stylus with a 

minimum of effort. Also, if the user chooses to discontinue using the stylus, it is capable of 
maintaining its position in space, unattended. While FIG. 1 shows that preferred embodiment of 
the present invention, FIGS. 5-8 show alternative embodiments, such which are also 

jK\i) contemplated under the present invention. It is preferable that the stylus have enough degrees of 

freedom to enable it to move through the mechanical linkage to give the user the amount of 
flexibility needed to move the cursor as desired. In FIG, 1, six degrees of freedom are shown and 
are labeled as Axes Al, A2, A3, A4, A5, and A6. This, of course, provides maximum flexibility. 
Fewer degrees of freedom, such as a plurality of degrees of freedom, may also be sufficient 
depending on the application. 



Replace the paragraph starting on page 7. line 7, with: 



As mentioned above, attached to each joint 12, 15 and 18 are sensors 13A, 13B, 16A, 
16B, 19A, and 19B, respectively. These sensors sense the angle differential before and after 
motion of the two segments connected by that joint. The sensors can be, for example, optical 
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incremental encoders, optical absolute encoders and potentiometers. Because the three- 
dimensional position and/or orientation tracking is achieved mechanically, this preferred 
embodiment avoids problems that magnetic and ultrasonic sensors, such as those shown in the 
prior art, encounter with metal and shadowing. However, as shown in FIG. 1, if desired, sensing 
means can be used to track the position and/or orientation of the stylus by mounting a single ojr 
several orientation sensors in the stylus 1 1 itself, such referred to as a stylus mounted sensor 11'. 
An ultrasound, magnetic, optical or position and orientation sensor can be used as the stylus 
mounted sensor IT. 



/ 

Replace the paragraph starting on pase 8. line 1. with: 



Referring to FIG. 2 A, the sensors 13 A, 13B, 16A, 16B, 19A and 19B, along with any 
peripherals 24, 25, or 26, can send their digital signals directly to a versatile floating-point 
processor or microprocessor 32A which is controlled by software stored in a digital ROM (Read- 
only Memory) 35 via transmission line 32' or another form of transmission, i.e., radio signals. 
As shown in FIG. 2B, an altemative embodiment can be used to lessen the demands on the 
floating-point processor or microprocessor 32B. The digital inputs of the sensors 13 A, 13B, 
16 A, 16B, 19A and 19B can be sent indirectly to the floating-point processor or microprocessor 
32B by way of dedicated chips 13C, 13D, 16C, 16D, 19C and 19D, which pre-process the angle 
sensors' signals before sending them via bus 3 1 to the floating-point processor or microprocessor 
32B which would combine these signals with those from the peripherals 24, 25 or 26. An 8-bit 
data bus plus chip-enable lines allow any of the angle determining chips to communicate with the 
microprocessor. Moreover, reporting the status of peripherals 24, 25 or 26 includes reading the 
appropriate digital switch and placing its status in the output sequence array. Some examples of 
specific electronic hardware usable for sensor pre-processing include quadrature counters, which 
are common dedicated chips that continually read the output of an optical incremental encoder 
and determine an angle from it. Gray decoders, filters, and ROM look-up tables. 



Replace the paragraph starting on page 9, line 1 7, with: 

Referring to FIG. 3, the main command loop responds to the host computer 34 and runs 
repeatedly in an endless cycle. With each cycle, incoming commands 40 from the host computer 
are monitored 36 and decoded 37, and the corresponding command subroutines for reporting 



angles, thus stylus position and/or orientation (see FIGS. 4A and 4B), are then executed 38. Two 
possible subroutines are shown in FIGS. 4A (single-chip method) and 4B (multi-chip method). 
When a subroutine terminates, the main command loop resumes 39. Available command will 
include but are not limited to: reporting the value of any single angle, reporting the angles of all 
six angles at one time, reporting the values of all six angles repeatedly until a command is given 
to cease aforementioned repeated reporting, reporting the status of peripheral buttons, and setting 
communications parameters. If the angle sensors require preprocessing, these commands will 
also include resetting the angle value of any single angle or otherwise modifying preprocessing 
parameters in other applicable ways. Resetting pre-processed angle values or preprocessing 
parameters does not require output data from the device. The microprocessor 32A or 32B simply 
sends appropriate control signals to the preprocessing hardware 13C, 13D, 16C, 16D, I9C, and 
19D. If the microprocessor or floating-point processor is fast enough to compute stylus 
coordinates and orientation, these commands will also include reporting the stylus coordinates 
once, reporting the stylus coordinates repeatedly until a command is given to cease, ceasing 
aforementioned repeated reporting, reporting the stylus coordinates and orientation once, 
reporting the stylus coordinates and orientation repeatedly until a command is given to cease, and 
ceasing aforementioned repeated reporting. If force reflection is supported, these commands will 
also include reporting the forces felt by any single joint, setting the resistance of any single joint, 
and locking or unlocking a joint. - - 



Replace the paragraph star ting on page 10, line 13, with: 

Any report by the subroutines of FIGS. 4 A and 4B of a single angle value requires 
determining 41 the given joint angle. For the single-chip configuration shown in FIG. 2 A, this 
subroutine directly reads the appropriate angle sensor 42 from among sensors 13 A, 13B, 16 A, 
16B, 19A, and 19B. For the multi-chip configuration shown in FIG. 2B, this subroutine reads the 
outputs 43 of pre-processing hardware 13C, 13D, 16C, 16D, 19C, and 19D which have already 
determined the joint angles from the outputs of the sensors 13 A, 13B, 16A, 16B, 19A, and 19B. 
Any report of multiple angles is accomplished by repeatedly executing the subroutine for 
reporting a single angle. The subroutine is executed once per angle, and the values of all angles 
are then included in the output sequence array. If the optional parts of the subroutines 45 are 
included, then these subroutines become the coordinate reporting subroutines. Many other 
command subroutines exist and are simpler yet in their high-level structure. 




Replace the paragraph starting on page 10, line 13, with: 

Any report by the subroutines of FIGS. 4A and 4B of a single angle value requires 
determining 41 the given joint angle. For the single-chip configuration shown in FIG. 2 A, this 
subroutine directly reads the appropriate angle sensor 42 from among sensors 13 A, 13B, 16A, 
16B, 19 A, and 19B. For the multi-chip configuration shown in FIG. 2B, this subroutine reads the 
outputs 43 of pre-processing hardware 13C, 13D, 16C, 16D, 19C, and 19D which have already 
determined the joint angles from the outputs of the sensors 13 A, 13B, 16 A, 16B, 19 A, and 19B. 
Any report of multiple angles is accomplished by repeatedly executing the subroutine for 
reporting a single angle. The subroutine is executed once per angle, and the values of all angles 
are then included in the output sequence array. If the optional parts of the subroutines 45 are 
included, then these subroutines become the coordinate reporting subroutines. Many other 
command subroutines exist and are simpler yet in their high-level structure. 

Replace the paragraph starting on page 10, line 2 5, with: . 

After determining the given joint angle, the microprocessor 32A or 32B creates an output 
sequence 44A or 44B by assembling an array in a designated area of processor memory 35 which 
will be output by the microprocessor's communications system at a given regular 
communications rate. The sequence will contain enough information for the host computer 34 to 
deduce which command is being responded to, as well as the actual angle value that was 
requested. Returning to FIG. 3, a query 36 in the main command loop asks whether the previous 
command requested repeated reports. If so, the main command loop is initiated accordingly. 
The communications output process (not shown) may be as simple as storing the output data in a 
designated output buffer, or it may involve a standard set of communications interrupts that are 
an additional part of the software. Setting communications parameters does not require output 
data from the device. The microprocessor 32A or 32B simply resets some of its own intemal 
registers or sends control signals to its communications sub-unit. 



Replace the paragraph starting on page 11, line 14, with: 

To report the stylus' 1 1 coordinates, three of the five or six angle values are pre-read and 
knowledge of link lengths and device kinematics are incorporated to compute stylus 11 
coordinates. These coordinates are then assembled in the output sequence array. 




Replace the paragraph starting on page II, line 14, with : 

To report the stylus' 1 1 orientation, at least five angle values are read and knowledge of 
link lengths and device kinematics are incorporated to compute stylus 1 1 orientation. The 
orientation consists of three angles (not necessarily identical to any joint angles) which are 
included in the output sequence array. 

Replace the paragraph starting on page 11, line 18, with: | 

Forces felt by a joint are reported, and setting a joint's resistance, and locking or 
unlocking a joint are accomplished by using interaction of the microprocessor 32A or 32B with 
W force-reflecting hardware. Reporting forces felt by a joint uses a force sensor mounted on the 

vj joint and then places the resulting value in the output sequence array. To set a joint's resistance 

and lock or unlock a joint, control signals are used to control force-reflection hardware, and do 

s 

not require any output data from the device. 
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^Replace the paragraph starting on page 11, line 25, withP^ 



ftp 



Also contemplated in the present invention is computer software and hardware which will 
provide feedback information fi-om the computer to the stylus, such as host commands 40 (shown 
in Fig. 1). This type of implementation is known in robotics and thus is easily incorporated into 
a system including the present invention. When a surface is generated on the computer screen, 
the computer will send feedback signals to the mechanical linkage which has force generators 
identified by numerals 13 A, 13B, 16 A, 16B, 19A, and 19B (which also identifies the sensors, see 
above) for generating force F (see Fig. 1) in response to the cursor position on the surface 
depicted on the computer screen. Force is applied for example, by added tension in the joints 
which is in proportion to the force being applied by the user and in conjunction with the image 
on the screen. 

Replace t he paragraph s tarting o n page 12, l ine 16, with: 

Briefly, FIG. 5 shows an embodiment having 6 rotary joints including a rounded joint 46 
at the base such that three degrees of motion are available at that joint. FIG. 6 shows an 
embodiment having 5 rotary joints and one linear joint, including a three-dimensionally rotatable 
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